Abstract Human enteroviruses (HEV) are one of the major causes of central nervous system (CNS) infections in pediatrics. A prospective study was conducted to assess the epidemiological, clinical, and laboratory characteristics of enterovirus (EV) infections of the CNS in children under 15-years-old, suspected of having viral CNS infections and admitted to the Pediatric Department of Monastir University Hospital, Tunisia. Enteroviral RNA was detected by 5 0 NCR nested RT-PCR assay in 33 % (20 out of 60) of cerebrospinal fluid specimens, whereas only six samples (10 %) were EV positive in cell culture. EV-positive patients were clustered according to their clinical manifestations, predominantly diagnosed as aseptic meningitis (65 %) and meningoencephalitis (20 %). Fever, headache, vomiting, and neck stiffness were the most pronounced symptoms. Pleocytosis with the predominance of lymphocytes was observed in 60 % of EV positive specimens. Although patients suffering from EV infections were encountered throughout the year, most occurred during spring and summer months. Using VP1-2A nested RT-PCR and sequence analysis, three of the 20 positive HEV were identified as Echovirus (E)-9. This is the first report of a cluster of aseptic meningitis cases caused by E-9 in Monastir.
Introduction
Human enteroviruses (HEV) are small, single-stranded RNA viruses, belonging to the large genus Enterovirus of the Picornaviridae family and classified into four distinct species according to their molecular properties: HEV-A, B, C, and D [26] . Each species is itself composed of a growing number of different serotypes/types, as new (sero)types are continuously being discovered. Currently, more than 100 (sero)types are recognized by the International Committee on Taxonomy of Viruses: HEV-A (at least 17 serotypes), HEV-B (more than 58 serotypes), HEV-C (at least 22 serotypes, including the three poliovirus serotypes) and HEV-D (three serotypes) [26] .
Although enterovirus (EV) infections are frequently either asymptomatic or causing only mild febrile illness, non-polio enteroviruses (NPEV) are also the most common viral pathogens responsible for aseptic meningitis in patients of all age groups [28, 49] . They have also been linked to other neurological manifestations such as encephalitis, paralysis, febrile seizures, Guillain-Barré syndrome, transverse myelitis, cerebellar ataxia, and peripheral neuritis [17, 21] .
To diagnose these enteroviral infections, a standard method involves virus isolation followed by serotyping using neutralizing reference antisera. Such process is, however, time consuming, and results are difficult to interpret, especially with some EV serotypes that either grow poorly or not at all in cell cultures. Furthermore, some samples, such as cerebrospinal fluid (CSF), tend to have virus titers too low to be detected by standard methods [10] .
Molecular techniques based on the amplification by reverse transcription polymerase chain reaction (RT-PCR) of conserved parts within the 5 0 non coding region (5 0 NCR) of the EV genome are highly sensitive and currently the golden standard to detect small RNA amounts of enteroviral RNA directly from clinical samples. Most molecular methods are used as diagnostic tools [9, 25, 27, 30, 38, 46, 56, 59] . In addition, molecular typing and molecular characterization systems may be used for epidemiological purposes and for the improvement of diagnostic strategies [35] . In order to identify all the serotypes of HEV, more recent studies target the region encoding capsid proteins such as the VP1 [4, 8, 39, 41, 42, 55] , or the VP2 [23] . These results concord with those based on seroneutralization methods [37] .
EVs are the pathogens associated most commonly with acute meningitis worldwide and can cause sporadic cases, outbreaks, and epidemics. A 2-year study of epidemiology of pediatric EV infections carried out in Monastir, Tunisia, has revealed that the leading viral cause of aseptic meningitis was EV [17] . Moreover, epidemiological studies from Tunisia have reported that echoviruses were the most frequently isolated serotypes [3, 17] . In Tunisia, it will be important to maintain ongoing epidemiological EV surveillance to understand the present and changing patterns of EV infection and disease association. Such knowledge will help in the control of enteroviral infectious diseases. The present report complements previously collected data [17] , with the aim of evaluating HEV incidence over a whole calendar year (2007) as reported through clinical manifestations and CSF laboratory findings and establishing potential seasonal patterns of infection in the Monastir region. In addition, two RT-PCR assays, one based on 5 0 NCR and a second based on VP1-2A region, were studied for rapid detection and typing of EV directly on CSF samples.
Materials and Methods

Patients and Clinical Samples
Sixty CSF samples from children (under 15-years-old) admitted to the Pediatric Department of Monastir University Hospital (from January to December 2007), Tunisia, with clinical suspicion of viral central nervous system (CNS) infection were collected by the examining physician and immediately sent to the Virology Laboratory (Faculty of Pharmacy, Monastir) for EV detection. Upon receipt, the samples were stored at -70°C until processed. An epidemiological record for each sample including clinical diagnosis and laboratory parameters was filed by the physician. Microscopic and biochemical analysis of the CSF samples namely fungi and bacteria cultures and determination of glucose and proteins levels were carried out. The presumptive diagnosis of the patients was based on (a) clinical symptoms indicative of neurological infections (fever, vomiting, photophobia, and headache), (b) CSF pleocytosis ([5 white blood cells/mm 3 ) , and (c) the lack of an alternative diagnosis (i.e., negative cultures for bacteria and fungi).
Cell Culture
Cerebrospinal fluid (CSF) samples were tested in cell cultures. Culture was performed using two different cell lines: human epithelial cervical cancer cells (HeLa) and African green monkey kidney cells (Vero), since some EV are able to grow only in either one of the two. Cells were grown in Eagle's minimum essential medium (MEM, Invitrogen) supplemented with 10 % fetal bovine serum (Invitrogen), 2 mM L-glutamine (Invitrogen), 100 U/ml penicillin (Invitrogen), 100 lg/ml streptomycin (Invitrogen), and 5 lg/ml of fungizone (Invitrogen). Maintenance medium was Eagle's basal medium (BME, Invitrogen) with 2 % serum substitute.
Two hundred microliters of each CSF specimen were inoculated to monolayers of Vero or HeLa cell lines in 24-well plates. After 1 h of incubation, maintenance cell culture medium was added and cells were incubated at 37°C in a CO 2 incubator. Uninfected cells were used as negative controls. Cells were observed daily for EV cytopathic effect (CPE). Cultures became positive for the majority of specimens between the 2nd and 7th day. For cultures exhibiting no CPE after 7 days, a blind passage was performed and the cells were grown for another 7 days period before being reported as negative. Cultures showing CPE suggestive for EV after the first blind passage were passed once more in the same type of cell line for confirmation.
RNA Extraction and Diagnostic 5
0 NCR Nested RT-PCR Assay Viral RNA was extracted from 140 ll of CSF using the QIAamp viral RNA kit (Qiagen) according to manufacturer's instructions. The extracted RNA was either used immediately or stored at -70°C until RT-PCR amplification analysis could be performed. EV diagnosis was performed by RT-nested PCR of a conserved 297-bp Enteroviral Central Nervous System Infections in Children 295 fragment of the 5 0 NCR region. Primers used were published inner and outer primers [27] of the conserved 5 0 NCR region of EV genome ( Table 1) . The synthesis of cDNA was performed in a 20 ll reaction volume of a mixture of 50 mM Tris-HCl (pH 8.3), 75 mM KCl, 3 mM MgCl 2 , 10 mM dithiothreitol, 1 mM deoxynucleoside triphosphate, containing 100 U of Murine Moloney Leukemia Virus reverse transcriptase (Invitrogen), 40 pmol of antisense primer K1, 10 U of RNAsin (Promega) and 10 ll of either the RNA containing solution extracted from the CSF or control specimens. The mixture was incubated at 42°C for 30 min. After elongation, tubes contents were inactivated at 95°C for 5 min.
The first round of PCR amplification was carried out in a 50 ll reaction volume containing: 2 ll of the cDNA product, 50 mM Tris-HCl (pH 8.4), 50 mM KCl, 2 mM MgCl 2 , 0.2 mM deoxynucleoside triphosphate mixture, 1.25 U of Taq DNA polymerase (Invitrogen) and 40 pmol of each sense and antisense outer primers (K2 and K1). The final volume was completed to 50 ll with sterile nucleasefree distilled water. The reaction mixture underwent a first denaturation step for 5 min at 94°C. DNA was amplified for 35 cycles in a programmable thermal cycler (Mastercycler, Eppendorf) by using the following conditions: 94°C for 30 s, 45°C for 60 s, 72°C for 60 s, followed by a final extension step at 72°C for 10 min. Two microliters from the first PCR were further amplified with sense and antisense inner primers (K3 and K4) in 50 ll of the reaction mixture described above. The mixture was subjected to a first denaturation step for 5 min at 94°C. The second round of amplification was performed as follows: 94°C for 30 s, 54°C for 60 s and 72°C for 60 s, followed by a final extension step at 72°C for 10 min.
To prevent occurrence of amplicon contamination, the different PCR assay steps (extraction, mixture preparation, amplification, purification, and revealing of PCR products) were performed in separate rooms, and negative controls (water samples) were included in all experiments, in accordance with molecular biology usual standard operation procedures. CV-B4-JVB prototype strain was kindly provided by J. W. Almond, Whiteknights, United Kingdom and used as the positive control for the assays.
VP1 Nested RT-PCR: Amplification of the VP1-2A Region Directly from CSF Specimens Virus specimen typing was carried out for each PCR positive sample, with VP1 nested RT-PCR. Generated amplicons were 609 bp of the VP1-2A enteroviral genome region [10] . Table 1 shows the sequences and the relative positions of VP1 primers in Echovirus 9 strain Barty. Before running the nested PCR, a reverse transcription step was performed. The RT reaction mixture contained, as recommended by the manufacturer, 200 U of SuperScript Ò III Reverse Transcriptase (Invitrogen), 50 ng of random primers and 40 U of RNase Inhibitor (Invitrogen) in a 20 ll volume. The mixture was incubated at 50°C for 60 min. For amplification, a total of 5 ll of cDNA was added to a tube containing a PCR bead system (Amersham Biosciences) in a 25 ll reaction volume composed of 100 pmol of VP1-1S and VP1-1A outer primers, as recommended by the manufacturer. The amplification step consisted of 40 PCR cycles (denaturation for 30 s at 94°C, primer annealing for 60 s at 50°C and elongation for 60 s at 72°C). After the first round of PCR, 1 ll of amplified products was added to a tube containing a PCR bead as above, except that inner primers VP1-2S and VP1-2A replaced outer primers. Thirty cycles were performed consisting of denaturation (94°C for 30 s), primer annealing (50°C for 60 s) and extension (72°C for 60 s). PCR amplicons were purified using the gel extraction kit (Qiagen). The nucleotide sequences were determined with an ABI Prism 3130 automated sequencer (Applied Biosystems) by a primer-walking strategy on both strands using BigDye chemistry (ABI Prism BigDye Terminator cycle sequencing ready-reaction kit, version 1.1; Applied Biosystems). Sequences were analyzed using the Sequencher, software package (version 4.6, Gene Codes Corporation). The obtained sequences were submitted to the GenBank sequence database under accession numbers JQ315047-JQ315049.
To determine the EV type, the obtained consensus sequences of 609 bp for VP1-2A region were compared to all the corresponding HEV sequences available in GenBank for this region by using BLAST software (National Center for Biotechnology Information; http://www.ncbi.ntlm.nih.gov/ Blast). As previously proposed by Oberste et al. [43] , nucleotide sequence identity of at least 75 % was required for assignment to a certain previously recognized serotype.
Statistical Analysis
Cerebrospinal fluid (CSF) Laboratory findings were analyzed using the SPSS statistics software (version 10 for Microsoft windows). Student's t test was used to compare continuous variables and to investigate the statistical significance between groups. The difference was considered significant for p values below 0.05. Results are presented as mean ± SD.
Results
Virus Isolation, RT-PCR Results
A total of 60 CSF specimens from children with suspected viral CNS infection were analyzed. Enteroviral RNA was detected by 5 0 NCR nested RT-PCR assay in 20 (33 %) of the 60 CSF specimens, whereas six samples (10 %) were EV positive in cell culture (see Fig. 1 ). All CSF specimens from which EV were isolated were positive by 5 0 NCR RT-PCR. Both cell lines used (Vero and HeLa) presented the same rate of isolation. No EV could be isolated after three blind passages in 14 specimens out of the 20 specimen's detected positive by PCR. We were able to identify the EV type by employing molecular typing of the VP1-2A in three samples. In the remaining EV positive by screening the 5 0 NCR, no VP1-2A product could be amplified.
Sequence Analysis
The VP1-2A positive amplicons were sequenced and compared with previous known EV genomic sequences.
Blast analyses were carried out and each sample was assigned the type that gave the highest VP1 identity score. All three VP1-2A positive specimens were identified as containing E-9 genomic sequences. All sequences were closely related to each other (C96 %) and demonstrated a 96 % sequence identity to a previously described Greek E-9 strain, isolated during a meningitis outbreak in 2007 [31] .
Epidemiological Characteristics
This study was performed in children under 15. EV-positive patients' ages ranged from newborns to 12-years-old. As shown in Fig. 2 , the highest incidence among EVpositive patients was observed in the infants age group (\2-years-old) with a 45 % incidence and in young children (2-5 years old), with a 35 % incidence for that age group. Infected children were predominately males (70 %) with a male-to-female ratio of 2.33. Figure 3 shows the seasonal distribution of EV infections cases, confirmed by 5 0 NCR nested RT-PCR. Although some cases were notified throughout the year, they mostly occurred in two peaks during spring and summer months; the first one in April and May (35 %) and the second one from June to August (30 %).
Clinical Signs and Symptoms
Clinical information's were obtained for all patients with positive EV infections. The dominant clinical symptom upon admission was fever (80 %). Vomiting was noted in 50 % of the patients, headache in 45 %, neck stiffness in 35 %, febrile seizures, disturbed consciousness, and meningeal signs (positive Brudezinski or Kernig signs) each one in 30 %. No fatalities, serious complications or sequela occurred among the hospitalized patients.
Electroencephalogram Findings
Four children underwent an electroencephalogram (EEG) at the time of, or shortly after, admission to the hospital. EEG abnormalities with slow spike and wave discharges, compatible with encephalitis, were observed in two cases.
Laboratory Findings in CSF
Cerebrospinal fluid (CSF) laboratory findings for the EVpositive and -negative patients are shown in Table 2 . As mentioned above, 20 children were positive for EV. The mean CSF white blood cell (WBC) count was 170 ± 267/ mm 3 and this is significantly higher compared to the EVsEnteroviral Central Nervous System Infections in Children 297
negative group (p = 0.035). Lymphocytes were predominant in 16 children (80 %) of the EVs-positive group. The mean lymphocyte percentage was 62 ± 36 which is also significantly higher than in the EVs negative group (p = 0.001). CSF pleocytosis ([5 white blood cells/mm 3 ), was noted in 12 children (60 %) of the EVs-positive group. No significant difference between EV-positive and -negative groups was found regarding CSF glucose and protein levels that were within the normal range in both groups.
Etiologies
Aseptic meningitis was diagnosed in 13 of the 20 EVs positive patients (i.e., 65 % of them), and meningoencephalitis in four of them (20 %) . Febrile seizures, cerebellitis and ischemic stroke were each diagnosed in 5 % of the cases (see Fig. 4 ). 
Discussion
Since the introduction of vaccines and the control of poliovirus infection in much of the world, attention has been focused on NPEVs, which accounts for the majority of aseptic meningitis cases in infants [2] . The present study describes the epidemiological, clinical, and laboratory characteristics of pediatric CNS associated EV infections in the region of Monastir (central costal area of Tunisia), between January and December 2007. Variations in the overall epidemiological and etiological pattern of enteroviral neurological infections were reported. The majority of previous studies have shown that EV are responsible for high percentages of all aseptic meningitis cases, ranging from 44 to 83 % [17, 24, 44, 48] . There are, however, other studies reporting that EV associated meningitis seems to be less prevalent, detecting incidences between 16 and 27 % [32, 54] . The present study displayed that EVs were responsible for 33 % of cases of pediatric CNS infections suspected of having viral etiology. These results do not seem out of line with previous findings on EV prevalence in Tunisia [1, 3] . In 2002, EV was diagnosed by RT-PCR in 63 % of children hospitalized with neurological diseases in the region of Monastir [17] . The decreased rate of EV detection in our study compared to the previous one can be explained by the impact of hygiene improvement.
The previous conventional virological diagnostic method for detection of EV is virus isolation in cell culture followed by serotyping with a panel of neutralizing antisera. This procedure is hampered by a low sensitivity of (65-75 %) [47] . Moreover, failure of detection of an EV serotype can sometimes be attributed to the presence of a small amount of infectious virus in CSF specimens [5, 45] . The use of molecular techniques described in this report improved the diagnosis of EV meningitis in our laboratory [22, 58] . Previous studies have shown that the PCR techniques including nested PCR are less time consuming and more sensitive than viral culture based techniques in the diagnosis of enteroviral meningitis [27, 52] . Our results confirm that PCR based methods are superior to cell culture based detection of EV [19] .
In the present study, EV were detected by cell cultures in 10 % of samples from patients with neurological diseases, whereas they were detected by 5 0 NCR nested RT-PCR in 33 % of cases. The low rate of HEVs isolation by tissue culture compared to RT-PCR could be due either to the limited number of cell cultures (two cell lines) or to inadequate sample collection, handling, and processing or even more likely to the presence of non cultivable Coxsackievirus group A serotypes in clinical samples.
Children are the predominant targets of enteroviral associated CNS infections [11, 34] . The present study showed that the age of children with EV neurological infections ranged from 1 day to 12 years. These results are consistent with other previous findings [17, 24] .
A higher prevalence of enteroviral meningitis in males versus females has been reported in the present study (2.33:1) and in others but there is no clear explanation [15, 17, 24] .
In temperate climates, EV infections predominate in the summer and fall seasons. In the current study, sporadic cases of enteroviral meningitis were observed throughout the year even in winter months (a year-round EV distribution), with a peak in spring and summer which is in agreement of previous reports [15, 17, 24] .
In the present study, the major NPEV-related CNS disorders were aseptic meningitis (65 %) occurring mainly in young infants and newborns, followed by meningoencephalitis (20 %) which was common in children under 2-years-old. This is in agreement with the pattern of data in our previous studies in Monastir [17] . Febrile seizures, cerebellitis and ischemic stroke are less commonly reported manifestations of EV infections that were observed in 5 % of all cases in our study [7, 12, 21, 53] .
The clinical picture of enteroviral associated meningitis in neonates and young children was commonly dominated by fever and headache followed by stiff neck, gastrointestinal or respiratory symptoms [6, 13] . In the present study, the patients' clinical signs and symptoms were consistent with those previously described. Fever was the most consistent clinical finding (80 %), followed by vomiting (50 %) and headache (45 %). Stiff neck occurred only in 35 % of cases, as did meningeal signs. In aseptic meningitis, pleocytosis is always present in the CSF, and the WBCs usually range between 100 and 1,000/mm 3 with a predominance of lymphocytes [16, 40] . In the current study, 60 % of EVs positive cases had elevated leukocyte counts in the CSF. In accordance with previous reports, the absence of pleocytosis was frequent in children under 2-years-old [18, 20, 29, 36, 50] . Lymphocytes were predominant in 80 % of EVs positive patients. With regards to CSF protein and glucose levels, their mean values were found to be similar to those described previously [14, 51] . EEG abnormalities and disturbed consciousness associated or not with seizure were strong predictors of encephalitis.
It has been shown that a VP1 nucleotide sequence identity of 75 % or more correlates with serotype classification [41] [42] [43] . This study was conducted with a nested RT-PCR assay described previously [10] . The major advantage of RT-PCR assay is that EV detection and characterization done directly on CSF samples overcomes some of the difficulties associated with virus cultures such as: the inoculation of specimens into non-susceptible cell lines, the inability of virus conjugated with antibodies to infect susceptible cells, and the failure of some EV to grow in cell cultures, as is the case for most of the group A Coxsackieviruses. However, this approach allowed amplification of the VP1-2A region in only three of the 20 cases detected positive with the 5 0 NCR nested RT-PCR. In the other 17 samples, we were unable to generate the VP1-2A amplicon necessary for virus typing, suggesting either an amount of viral RNA below the detection limit or mispairing of the primers with the viral genome. Sequence analysis of the amplified product displayed that the three EV belonged to the EV-B species, and were assigned to E-9. These findings are consistent with other reports, which described that E-9 is among the most common virus typed in the majority of EV CNS infection cases observed in patients under 15-years-old [17, 33, 57] . Echovirus-9 was already detected several times over a 12-year period in Tunisia [3] . Interestingly, in the present study, Echovirus 9 was identified in a cluster of three cases in a short-time period in the same hospital.
In conclusion, enteroviral infections were diagnosed thanks to the detection of viral RNA in CSF by 5 0 NCR nested RT-PCR. Amplification of VP1-2A by nested RT-PCR allowed molecular typing directly from CSF samples, and displayed a cluster of three E-9 cases in a short-time period in Monastir. Further studies are needed to determine the extent of E-9 infection in Tunisia.
